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Preamble. The treatment of allocation is a crucial matter in the LCA of wood-based products, because the allocation method might influence the I 
results significantly. This paper outlines in two parts - Methodology (Part I) and Examples (Part II) - practical experiences for the treatment of 
I allocations for LCAs of wood-based products that are the result of the Cost Action E 9 'Life cycle assessment of forestry and forest products' and reflect the experience of Cost E9 delegates. Part I has been published in the September issue [Int J LCA 7 (5) 290-294 (2002)] [8a]. 
~ - -  . . . . . . . .  rr l l  ~ - - ~  1"7 
DOh httD://dx.doi.orall 0.1065/Ica2002.08.091.2 
Abstract 
Goal and Background. The treatment of allocation in the de- 
scriptive LCA of wood-based products has been discussed for a 
long time and different solutions have been presented. In gen- 
eral, it is accepted that the influence of different allocation pro- 
cedures on the results of LCA of wood-based products can be 
very significant. This paper is a result of the Cost Action E9 
'Life cycle assessment of forestry and forest products' and rep- 
resents the experience of involved Cost E9 delegates. 
Objective. Wood is a renewable material that can be used for 
wood products and energy production. Consistent methodologi- 
cal procedures are needed in order to correctly address the two- 
fold nature of wood as a material and fuel, the muhi-functional 
wood processing generating large quantities of co-products, and 
reuse or recycling of paper and wood. Ten different processes in
LCAs of wood-basedproducts areidentified, where allocation 
questions can occur: forestry, sawmill, wood industry, pulp and 
paper industry, particle board industry, recycling of paper, recy- 
cling of wood-based boards, recycling of waste wood, combined 
heat and power production, landfill. 
Methodology. Following ISO 14 041 a step-wise procedure for 
system boundary setting and allocation are outlined. As a first 
priority allocation should be avoided by system expansion, thus 
adding additional functions to the functional unit. Alternatively, 
the avoided-burden approach can be followed by subtracting 
substituted functions of wood that are additionally provided. If
allocation cannot be avoided, some allocations methods from 
case studies are described. 
Conclusions. The following conclusions for allocation in LCA 
of wood-based products are given. 1) Avoid allocation by ex- 
pansion of system boundaries by combining material and en- 
ergy aspects of wood, meaning a combination of LCA of wood 
products and of energy from wood with a functional unit for 
products and energy. 2) Substitute energy from wood with con- 
ventional energy in the LCA of wood products to get the func- 
tional unit of the wood product only, but identify the criteria 
for the substituted energy. 3) Substitution of wooden products 
with non-wooden products in LCA of bioenergy is not advis- 
able, because the substitution criteria can be too complex. 4) If 
avoiding allocation is not possible, the reasons hould be docu- 
mented. 5) Different allocation procedures must be analysed 
and documented. In many cases, it seems necessary to make a 
sensitivity analysis of different allocation options for different 
environmental effects. It can also be useful to get the acceptance 
of the chosen allocation procedure by external experts. 6) Dif- 
ferent allocation factors, e.g. mass or economic value, are al- 
lowed within the same LCA. 7) For allocation of forestry proc- 
esses it is necessary to describe the main function of the forest 
where the raw material is taken out. In some cases different 
types or functions of forests must be considered and described. 
8) Regarding the experiences from the examples, the following 
most practical allocation for some specific processes are identi- 
fied: forestry: mass or volume; sawmill: mass or volume and 
proceeds; wood industry: mass and proceeds. 
Keywords: Allocation; bioenergy; forest products; forestry; Cost 
E9; life cycle assessment; wood products 
Introduction 
Examples from different case studies are outlined to substan- 
tiate the previous reasoning from Part I [Int J LCA 7 (5) 290-  
294 (2002)]. The examples are taken from LCA studies in 
which the authors were involved. The examples are given in 
an order following that of the wood chain. In two examples - 
recycling of particle boards, combined heat and power pro- 
duction - an allocation is avoided; in the other examples, one 
or more different allocation procedures are applied. 
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1 Examples 
1.1 Forestry 
Introduction. Allocation in forestry means to allocate the 
environmental effects from forest management to the differ- 
ent co-products of forestry. Forest management i cludes dif- 
ferent operations from planting of trees to the tending, thin- 
ning and harvesting ofwood. As outlined above, co-products 
from forestry can be round wood, fibre wood, fuel wood or 
recreation, to which the environmental effects can be allo- 
cated to. 
The starting point for allocation in forestry is to specify the 
main function(s) of the forest under consideration. The fol- 
lowing three main types of forestry are distinguished: 
1. forest ype 1: The aim of the forest is the production of 
round wood with a high market price; fuel wood and forest 
residues from tops and branches are seen as waste. There- 
fore, all environmental effects from forest management are 
allocated to the amount (m 3) Of round wood and fibre wood. 
All the other functions (e.g. recreation) of the forest are not 
considered. 
2. forest ype 2" The aim of the forest is the production of 
raw materials for wood products and energy as all these co- 
products have a positive economic value. All the environ- 
mental burdens are allocated to the amount (t&y) of the sum 
of all co-products. The other functions (e.g. recreation) of 
the forest are not considered. 
3. forest ype 3: All different functions of forestry are main 
goals of forest management besides wood production. These 
functions can be recreation, welfare, protection, hunting, 
etc. The environmental burdens related to forest manage- 
ment are allocated to all different functions of the forest and 
not only to wood production (e.g. on an economic basis). 
Beside the description of the forest ype, the following for- 
est models for data inventories can be found: 
1. model I: investigation of 1 ha of forest from planting (1st 
year) to final felling (after 70-100 years). 
2. model II: annual investigation of a forestry system with a 
linear distribution of age classes, which means 1 ha for each 
age class, where the number of ha is determined by the year 
for final felling (e.g. 100 ha in a system where final felling 
takes place after 100 years). 
3. model ie investigation of a real existing forestry system 
with distributed age classes and an annual data inventory. 
In this context, examples are given from Austria, Finland 
and Sweden reflecting these different modelling approaches. 
The forest ypes 1 and 2 are analysed in combination with 
the models I, II and III. 
Description Austria. For forest type i and 2, the Austrian 
situation is modelled to demonstrate allocation in a forest 
management system for spruce from planting of trees until 
the final felling after 100 years for a 1 ha system (model I) 
and for a 100 ha system (model II) in 1 year, for which the 
basic figures are given in Table 1. 
As an environmental effect, the allocation of CO 2 emissions 
from fossil energy consumption for forest management 
(planting of trees, three thinnings, final felling, etc.) is shown. 
in Fig. 1 the cumulated CO 2 emissions for the 1 ha system 
(model 1) over 100 years is shown. The allocation on a mass 
basis of the CO 2 emissions from forest management is the 
same for both models, but differ significantly for the types 
of forest: 
9 49 kg/tary according to forest ype 1 allocation to round 
wood only, 
9 33 kg/tary according to forest ype 2 allocation to all the 
co-products. 
Description Finland. The aim of Finish forestry is mainly to 
produce round and fibre wood, which corresponds toa mix- 
ture of forest ype 1 and 2. About 65% of the wood residues 
from thinning and final felling are used for energy production 
and the remaining 35% are left in the forest. The annual data 
inventory isused as basic data for LCA applications (model 3). 
In Finland, the 1st thinning occurs after approximately 30-50 
years, the 2nd thinning after 50-80 years, and the trees older 
than 80 years at the final felling. The share of all harvesting 
operations inFinland in 1999 are 1st thinning 7%, 2nd thin- 
ning 20% and final felling 73%. 
The annual fuel consumption from harvesting operations i
inventoried and emissions are further calculated by using 
Table 1: Basic data for the forest model I and II 
Forest management .. CO2 emission Round wood . Fibre wood . Tops and.branches ! Total co-products - 
kg tdry tdry I tdry 
planting, year 1 
1st thinning, year 20 
2nd thinning, year 35 
3rd thinning, year 55 






















Total 35,000 710 (67%) 235 (22%) 115 (11%) 1,060 
Assumptions: 
a) planting: 2,000 - 3,500 trees/ha; 1st thinning: 700 - 1,700 trees/ha, 2nd thinning: 500 - 700 trees/ha; 3rd thinning 300 - 400 trees/ha; 
final felling 500 - 700 trees/ha 
b) year 20:15 kg/tree above ground biomass 
c) year 35: 220kg/tree above ground biomass 
d) year 55: 590kg/tree above ground biomass 
e) year 100: 1,162kg/tree above ground biomass 
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Fig. 1: Cumulated CO 2 emissions from forest management for the 1 ha 
system over 1 O0 years 
common emission factors. The collected ata are specified 
for different ree species, different harvesting methods and 
different wood assortments. These data are set in relation to 
the annual wood production (m 3 or t) in Finland. Wood 
used for energy production gets the emissions which occur 
from handling (e.g. collection, chipping) the residual wood, 
which is otherwise left in the forest. 
Description Sweden. In Sweden, all activities during one year 
are inventoried (Berg [1]), e.g. the consumption of fuel. 
Emissions from different activities, e.g. mechanised harvest- 
ers are measured. The environmental burdens caused by these 
activities are allocated by mass basis on the actual wood 
yield per year and used for LCA. The actual wood yield is 
the physical harvested and extracted round wood that reaches 
the mill. The yield is measured in solid cubic meter fresh 
wood. The LCI data from forestry are available for the dif- 
ferent forest activities 
Discussion. Forest ype 3 causes the difficulty of determining 
a market price for the social and ecological functions of the 
forest. Furthermore the stability of the relation of the market 
prices over time for the products and functions from forestry 
must be considered when using market prices as an allocation 
factor. Under Swedish conditions, allocation based on market 
prices might not to be adequate for allocation in forestry. 
The forest inventory data used in Finland and Sweden for LCA 
give average figures of the actual situation. The comparison 
of different years shows that there are no significant differ- 
ences, but in fact technological changes can be evaluated, e.g. 
increasing use of harvester instead of manual harvesting. 
Beside the validity of the forest inventory data for one specific 
year, the data are also very site-specific and strongly depend- 
ent on age-classes ofthe forest, which are not known in detail. 
Condusion. It is necessary to describe the main function(s) of 
the forest where the raw material is taken out. In some cases 
different types or functions of forests must be considered and 
described. Where timber production is the main function of 
the forestry system, the mass allocation seems practicable and 
brings reasonable r sults in an LCA of forest products. 
The use of data from national forest data collections i pos- 
sible if taking limitations (corresponding to average situa- 
tion) in validity into account. Allocating these data on mass 
in m 3 or t of wood brings reasonable and practicable results 
in LCA applications. 
1.2 Sawmill 
Description. Three different approaches for the allocation 
of energy consumption and CO 2 emissions at a sawmill are 
shown. The model of the process chain is shown in Fig. 2. In 
the first method, all products are considered as co-products 
and the volume is used for allocation. The sawmill is subdi- 
vided in separate processes like barking, sawing etc. (left 
side in Fig. 2), with the aim to avoid some allocations. In the 
second approach, the sawn timber is decided to be the only 
product and all environmental burdens are allocated to sawn 
timber. Therefore, the different sawmill processes are aggre- 
gated into one process (right side in Fig. 2); the other wooden 
outputs are waste and regarded free of environmental bur- 
den. The third allocation is based on market price (in fact 
the relative share of proceeds) of the co-products. Sawmill 
processes must be modelled as one single process to enable 
a value-based allocation the (right side in Fig. 2), because 
there are no market prices for intermediate products avail- 
able (e.g. wet sawn timber). 
Fig. 2: Process chain and system boundaries for a sawmill with allocation 
based on volume (left side), and for allocation based on market price and 
allocation 'all to sawn timber' (right side) 
These three allocation options are applied to energy consump- 
tion (MJ/m 3) and CO 2emissions (kg COz/m3) in Table 2, us- 
ing basic data from environmental declarations for sawn 
timber in Andersson [2] and Jarnehammar [3]. 
Discussion. The three different allocation approaches dem- 
onstrate their influence on the environmental effects of co- 
products from a sawmill, even if the sawn timber is not af- 
fected very much. On the contrary, the influence on the dry 
co-products - chips, side-cuts, particles - are more impor- 
tant. The reason for this is that most of the low value co- 
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Table 2: Comparison of the three different allocation approaches for a sawmill 
Allocation approach: ::: i Volume based All to sawn t imber  Market price based 
electricity use at the sawmill MJ/m 3 MJ/m 3 MJ/m 3 
bark 
raw chips, particles 














heat use at the sawmill MJ/m 3 MJ/m 3 MJ/m z 
bark 
raw chips, particles 




















raw chips, particles 










products are leaving the sawmill before the drying opera- 
tion, and the drying process causes the biggest environmen- 
tal load in terms of energy and emissions. 
In the original LCI in Andersson [2] and Jarnehammar [3], 
the allocation was first done by subdividing the different 
processes of the sawmill, and then relating them to the dif- 
ferent co-products. When two co-products were sharing a 
process, a volume-based allocation was used. 
Conclusion. Greatest environmental load occurs from the 
drying operation at the sawmill and most of the low value 
co-products are leaving the sawmill before the drying proc- 
ess. If only the sawn timber is of interest, either mass- or 
value-based allocation can be used. Alternatively, to get a 
rough, but quite reasonably accurate figure, allocate all bur- 
dens to the sawn timber. 
If mass is used as an allocation factor, the sawmill should 
first be subdivided into the different processes like debark- 
ing, drying, etc. 
If value-based allocation is used, the sawmill is modelled as 
one single process, because conomic values are not avail- 
able for intermediate products. Otherwise, internal prices 
for intermediate products must be estimated from the cost 
structure of the sawmill under investigation i Werner [4]. 
1.3 Windows 
Description. Wood windows were inventoried as an exam- 
ple for out of ground wood products in the Life Sys Wood 
project documented in Esser [5] and Richter [6]. As for fur- 
niture and other highly manufactured wood products, the 
material yield of wood window production is very low. A 
material flow analysis performed as a basis for the life cycle 
inventory proved that more than 65% of the wood biomass 
harvested for a standard window flame leaves the window 
production line. This fact makes an allocation of harvesting 
and processing processes to the different wood streams an 
essential topic of LCA on wood windows, and highly manu- 
factured wood products in general. 
Within the project group of Life Sys Wood, it was decided 
that environmental burdens hould be allocated to only those 
products which are the 'aim' or the 'intended output' of a 
process. Thus, inventory data was allocated to the window. 
All residues produced along the material chain were regarded 
as co-products or waste. The distinction between co-prod- 
uct and waste was made based on the relative economic 
shares of the outputs of a process. 
Discussion and Conclusion. The results of the inventory as- 
sessment for this standard version of the solid wood win- 
dow are presented in Table 3; in this example the impact 
categories are greenhouse potential and acidification. 
The highly negative global warming potential of the wood 
frames results mainly from the renewable CO 2 that is em- 
bodied onto the wood residues that are produced along the 
window production chain. According to the allocation rule, 
the wood residues are treated as waste, so all upstream in- 
terventions including the CO 2 uptake are not allocated to 
them. Although 90% of the final window frame is inciner- 
ated in the disposal processes, thus emitting the bound CO2, 
the GWP score remains negative. 
The acidification potential is mainly related to NO X (65%) 
and SO z emissions (35%). Significant impacts in this score 
result from the wood drying process (biomass energy, 30 %), 
Table 3: Selected LCIA results of a standard wood window with different 
allocations 
Wood windowframeLCIA I :' GWP 100: ] Acidification 
C02/window when modelling : ::.: ::: ,':: i kg  I' kg S02/window: 
residues as waste I -24,000 I 1.85 
residues as co-product ] -4,130 ~ 1.07 
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road transports (30%) and the production of aluminium 
billets (20%). 
In a sensitivity study, it was analysed how these results change 
when another allocation rule is selected. If residues produced 
in the forestry (residues from thinning), sawmilling, and pro- 
filing processes are regarded as co-products instead of waste, 
the upstream interventions can be allocated between the tim- 
ber used in the window flame and the residues used outside 
the window production (e.g. as wood composites, pulp and 
paper). Allocation is made based on mass for the forestry and 
sawmill processes, and on economic value for the wood win- 
dow profiling process (estimating a price ratio of 5:1 between 
the rough window sections and the residues). The same allo- 
cation procedure was also applied to the carbon uptake. The 
results of the sensitivity analysis are shown in Table 3. 
The figures how that the categorisation f the process out- 
puts influences the LCIA results ignificantly. The COg po- 
tential of the window is reduced to 17% because the carbon 
stored in the residues is now allocated to the product sys- 
tems that use the residues as input material. Acidification, 
which is linked mostly to NO x and SO 2 emissions, is re- 
duced to 57%, because the transports and energy demand 
are partitioned between the co-products. 
The different allocation approaches underline that alloca- 
tion is of considerable importance for wood products whose 
manufacturing processes are causing a relatively low mate- 
rial yield. The big and unrealistic discrepancy in the global 
warming potential of tl~e calculation presented supports the 
recommendation that the embodied CO 2 as well as the heat- 
ing value are part of the material mass and thus need to be 
allocated in multi product systems on a mass basis. 
1.4 Bioenergy 
Description. The aim in Jungmeier [7] is a comparison of 
greenhouse gas emissions from bioenergy systems and fossil 
energy systems. The analysed biomass fuels are 
1. wood chips and wood logs from thinning and clear cut 
in forestry 
2. bark and wood chips from sawmill 
3. wood waste from wood industry, pulp and paper indus- 
try and particle board industry 
4. wood waste from wood and particle board recycling and 
5. waste paper from paper recycling 
The comparison is based on the functional unit of green- 
house gas emissions per 1 kWh of heat (g CO2-equivalent/ 
kWh). Within the scope of this goal an extension of system 
boundaries by including the material use of wood for differ- 
ent wood products is not practicable. This means that allo- 
cations cannot be avoided and an allocation procedure must 
therefore be applied. Further on it is assumed that the wood 
product (e.g. round wood from forestry, sawn timber from 
sawmill) is the co-product with the higher market price and 
wood for energy is the co-product with the lower market 
price. So, all wood used for energy (e.g. tops and branches 
from thinning, bark from sawmill, waste paper from collec- 
tion) is regarded as waste with no environmental burdens 
from previous processes. But all effects directly caused by 
the energy wood like chipping, transportation r change of 
the carbon storage pool are included. This allocation proce- 
dure was discussed and fixed at the very beginning of the 
project in an external review by other experts and the cus- 
tomers of the project. 
Discussion. This allocation isnot tested with other environ- 
mental effects like loss of nutrients or biodiversity. This al- 
location cannot be appropriate for comparisons ofmaterial 
and energetic use of wood (e.g. wood chips from sawmill 
for particle boards or energy production). 
Conclusion. From the experience with this example, it can 
be recommended that the acceptance for the chosen alloca- 
tion procedure be obtained from an external expert group 
or other involved/interested stakeholders during the first 
phase of an LCA. This allocation is useful for LCA of en- 
ergy production systems, especially if the wood for energy is 
available from an increasing production of wood-based prod- 
ucts, where the economic purpose is the material use of wood. 
i.5 Combined heat and electricity production 
Description. An LCA is made for the comparison of different 
technologies for combined heat and power production, whereas 
a specific heat and electricity demand is defined. Each tech- 
nology for a combined heat and power plant has a certain 
relation between the co-products of electricity and heat. First, 
the electricity demand is satisfied with a specific technology 
and then the corresponding supply of heat is calculated. 
9 If the supply of heat is higher than the demand of heat, 
the 'extra' heat is considered as waste heat 
9 If the supply of heat is lower then the demand of heat an 
additional system for heat production alone is added that 
uses the same fuel as the combined heat and power plant 
The necessary amount of fuel and the kind of combined 
heat and power system determine the environmental effects 
for comparison. An example is shown in Fig. 3 with the 
particle emission from heat and electricity production in a 
typical combined heat and power (CHP) plant run with 
biomass. The extension of system boundaries means that 
the functional unit is a 'package' of 0.14 kWh electricity 
plus 0.86 kWh heat, which reflects the ratio of electricity 
to heat of 1:6. This allocation leads to emissions of 27 mg/ 
(0.14 kWh electricity and 0.86 kWh heat). This can be com- 
pared to any other energy system that supplies the same 
amount of electricity and heat. 
Fig. 3: Example of combined heat and electricity production 
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Discussion. With this functional unit of heat and electricity, 
it is not possible to have a separate value for heat and elec- 
tricity. Combined heat and power production offers a rise in 
fuel efficiency, leading to a decrease of environmental bur- 
dens emitted per unit useful energy. The comparison of dif- 
ferent allocation options between electricity and heat are 
outlined in detail in Jungmeier [8]. This allocation proce- 
dure was also successfully applied in an LCA study, where 
different bioenergy systems are compared to fossil energy 
systems for the combined supply of heat and electricity in 
Jungmeier [7]. 
Conclusion. It is possible to avoid allocation with combined 
heat and power production. In the case of a different rela- 
tionship of the co-products of heat and electricity, an addi- 
tional system should be added instead of giving credits for 
substitution. The additional system must be specified. In 
many cases the relationship of heat and electricity depends 
on the demand (demand riven) and therefore no credits/ 
benefits hould be given to systems that supply more heat or 
electricity than predefined by the demand. 
1,6 Recycling 
Description. The aim is a comparison of different end-of- 
life options for 1,100 kg of waste particle boards in Friihwald 
[9]. Recycling and incineration with co-generation f heat 
are compared. In order to avoid allocation the functional 
unit for the comparison is 1,190 kg particle boards and 
17,100 MJ of energy produced (Fig. 4). The resource con- 
sumption - fresh wood and fresh water - and the environ- 
mental aspects - waste water - of the energy generation and 
the flesh fibre production is lower. In this case, the incinera- 
tion with co-generation f heat is preferable to the recycling 
of old particle boards. 
Discussion and Conclusions. The comparison of the recy- 
cling of particle boards and energy production is a typical 
example where allocation can be avoided by extension of a 
system boundary. It is demonstrated that even a 'complex' 
functional unit of material and energy for comparison can 
lead to very clear results, where one option has significantly 
lower environmental burdens. 
2 Conclusions 
The following conclusions for LCA of forestry, wood, biofuel 
and wooden products can be given. 
Ten different processes in wood-related LCAs are identified, 
where allocation problems can occur: forestry, sawmill, wood 
industry, pulp and paper industry, particle board industry, re- 
cycling of paper, recycling of wood-based boards, recycling of 
waste wood, combined heat and power production, landfill. 
The following priorities for allocation are given: 
1. Avoid allocation by expansion of system boundaries by 
combining material and energy aspects of wood, because 
this reflects the characteristics of wood. This means a 
funcional unit combining wood products and energy. 
2. Substitute nergy from wood with conventional energy 
in the LCA of wood products in order to get the func- 
tional unit of the wood product alone, but identify the 
water 1100 kg 
~7 wet particles 
1540 kg (120% mc) I t ~ ,._ particle board 
waste particle "- 1190 kg (70% mc) 
board boards 1100 kg I to~O~ I water 350 kg 
recycling wet recycling dry matter 300 kg I m.c. I [> 
(fibre flow) ~- I water 360 kg / 2~'~400 MJ 
/ / I energy water360kg 
/ / 1800MJ I generation 
/  o00 , i I , OOM, 
fresh wood 2150 kg LI energy 
q generation water 900 kg 
201 O0 MJ ~> 
energy process 
(energy flow) 
IP energy 17100 MJ 
energy(energyprOcesSflow) waste particle boards 1100 kg q-I generationenergy water 100 kg[> ~ energy 17100 MJ 
~ 400 MJ 
fresh wood 1190 kg I chipping ~ particle board 
/ 
fibre flow I~-I flaking T 1190 kg (70% mc) 
Fig. 4: Comparison of particle-board recycling (above), and energy generation from particle board (adopted from Fr~hwald 1999) 
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criteria for the substituted energy and document the as- 
sumptions for the choice of the substituted energy. For 
transparency reasons of the results, the documentation 
should also contain the procedure following 1). 
3. Substitution of wooden products with non-wooden prod- 
ucts in LCA of bioenergy is not advisable, because the 
substitution criteria can be very complex. 
4. In some cases it is not possible to avoid allocation, for 
which the reasons hould be documented. 
5. In general, different allocations on mass and economic 
values (e.g. the relative share of proceeds), for example, 
are possible within the same LeA. 
6. The different allocation options must be analysed and 
should be documented. In many cases, it seems neces- 
sary to make a sensitivity analyses on different alloca- 
tion options for different environmental effects. It can 
also be useful to get the acceptance of the chosen alloca- 
tion procedure by external experts or stakeholders in the 
starting phase of the LCA. 
7. For allocation in forestry, it is necessary to describe the 
main functions of the forest where the raw material for 
the LCA is taken out. In some cases different ypes or 
functions of forests must be considered and described. 
Where forestry is a timber production system in an LCA 
of wooden products, allocation based on mass is practi- 
cable and brings reasonable results. 
8. Regarding the experiences from the examples, the fol- 
lowing most practical allocation for some specific proc- 
esses are identified: 
9 forestry: allocation based on mass or volume 
9 sawmill: mass or volume and market price (relative 
share of proceeds) 
9 wooden industry: mass and market price (relative share 
of proceeds) 
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DOI: httD://dx.doi.org/10.1065/Ica1999.12.008 - A traditional problem in LeA is how to deal with processes where recycled material is 
used as an input or where the output of a process is further used as raw material in another product system (open-loop recycling). 
Allocation is needed to partition the responsibility for the environmental impacts caused by the raw material extraction, the recycling and 
the final disposal of a material over different product systems in some proportional shares. The norm ISO/DIS 14'041:1998 now explicitly 
allows the use of an economic value as a basis for the allocation of open-loop product systems, where material is recycled into other 
product systems while undergoing a change in its inherent properties. In a case study for aluminium window frames, an economic 
allocation procedure for aluminium is developed based on different market prices for secondary materials with different alloy content. 
Market prices are assumed to reflect the functionality of a material quality within a techno-economic system. Therefore, market prices 
permit the qualitative description of the degradation of a material over a product system. Based on this qualitative degradation, a 'relative 
resource consumption' can be defined. This relative resource consumption is used to allocate the environmental impacts related to 
recycled material entering or leaving the product system under study. The results of the new allocation principle are compared to results 
of a former study on window frames out of various materi-als, elaborated by EMPA in 1996. The conclusions underline the importance of 
the recycling of aluminium with a high quality and give some criteria for a more ecological design of aluminium windows. Finally, method- 
ological advantages and obstacles of the presented economic allocation procedure are pointed out. 
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